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(57) ABSTRACT

A material handling apparatus and method is disclosed,
including a grabber clamp apparatus and method for han-
dling, such as grabbing and pulling, elongate binding mate-
rial. The grabber clamp is capable of gripping one or more
elongate binding material strands securely enough to pull it
from the bale but without cutting the elongate binding
material strand(s). The current invention also provides an
elongate binding material puller for removing elongate
binding material from a bale. The elongate binding material
puller should be capable of automatically, mechanically
removing elongate binding material from a bale. The method
uses a grabber clamp to grip a strand of elongate binding
material between two blunt points such that a portion of the
elongate binding material is free from clamping pressure

between the two blunt points.
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GRABBER CLAMP FOR MATERIAL
HANDLING AND APPARATUS AND
METHOD FOR HANDLING BALE
MATERIALS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention relates to material handling appara-
tus and methods. In particular, the invention relates to a
grabber clamp for material handling and an apparatus and
method for pulling an elongate binding material from a bale.

Description of the Related Art

[0002] Grabber clamps are sometimes used to grasp and
pull on materials for handling thereof. When handling
elongate materials such as straps, elongate binding material,
wire or other such materials, it is difficult to grip the
materials firmly enough to be able to pull on the materials
without also cutting them. Also, grabber clamps often don’t
work well when there is a variance in the number of material
strands to be grasped. Also, grabber clamps may not work
well when there is a bundle of strands, as the middle strands
of material in the bundle are not held as firmly as the
bundle’s outer strands.

[0003] The problems with grabber clamps are evident in
the area of bale handling. Baled materials such as of
agricultural materials (i.e. grasses, cotton, twigs, leafy
crops), sheet materials, such as newspapers or fabric, waste,
etc. are often held together by elongate binding material
such as of strapping, twine or other strings, cat gut, wire,
netting, etc. There are processes where bales must be
unbound for processing. In such a process, the binding
material must be pulled off the bale and collected. However,
the grabber clamps for grabbing and pulling the elongate
binding material have been unreliable, such that removal of
binding materials often is done manually by workers.
[0004] For example, the present applicant, Hunterwood
Technologies Ltd., offers bale compressors, where multiple
agricultural field bales are compressed into larger, denser
bales for more efficient storage and transport. In preparation
for compressing, field bales have their binding materials
removed, as the binding materials cause problems for the
compressor and end users of the compressed bales. In this
removal process (sometimes called de-twining), a worker
generally locates and pulls one to twenty individual elongate
binding material strands per bale. This is costly and often
challenging since (i) the elongate binding material can be
pulled deep into the bale, (ii) the bale contents can vary
significantly in characteristics including for example: twigs,
grasses, leafy crops, etc. and (iii) the elongate binding
material can have knots and kinks that cause the binding
material to jam and prevent it from being manually pulled.

SUMMARY OF THE INVENTION

[0005] The current invention provides a grabber clamp for
handling, such as grabbing and pulling, elongate binding
material. The grabber clamp is capable of gripping one or
more elongate binding material strands securely enough to
pull it from the bale but without cutting the elongate binding
material strand(s). The current invention also provides an
elongate binding material puller for removing eclongate
binding material from a bale. The elongate binding material
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puller should be capable of automatically, mechanically
removing elongate binding material from a bale.

[0006] In one aspect of the present invention, therefore,
there is a provided a grabber clamp comprising a first jaw
with a forward end and a rear end; a second jaw with a
forward end, the second jaw configured to (i) move toward
the first jaw to close the first and second jaws and (ii) move
away from the first jaw, to open the first and second jaws;
and a driver for driving movement of the first jaw and the
second jaw to open and close; wherein the first jaw includes
a first gripping face and the second jaw includes a second
gripping face, the first and second gripping faces being
configured to come together when closed to define a first
blunt clamping point and a second blunt clamping point
spaced from the first blunt clamping point and a non-
clamping area between the first and second blunt clamping
points.

[0007] In another aspect of the present invention, there is
provided a method for gripping a strand of elongate binding
material, the method comprising: operating a grabber clamp
comprising: a. a first jaw; b. a second jaw moveable toward
and away from the first jaw, the first and second jaws each
including a forward end and a rear end; and c. a driver for
driving movement of at least one of the first jaw and the
second jaw to open and close the clamp; d. wherein the first
jaw includes a first gripping face and the second jaw
includes a second gripping face, the first and second grip-
ping faces being configured to come together when the
clamp is closed to define a first blunt clamping point and a
second blunt clamping point spaced from the first blunt
clamping point and a non-clamping area between the first
and second blunt clamping points; and gripping the strand of
elongate binding material at the first and the second blunt
clamping points such that a portion of the strand of elongate
binding material between the first and second blunt clamp-
ing points is free from a clamping pressure.

[0008] In yet another aspect of the present invention, there
is provided an elongate binding material puller for removing
elongate binding material from a bale, the elongate binding
material puller comprising: a table surface; a grabber clamp
mounted above the table surface and the grabber clamp
including: a first jaw; a second jaw moveable relative to the
first jaw, the first and second jaws each including a forward
end opposite a rear end; and a jaws driver for driving
movement of at least one of the first jaw and the second jaw
to open and close the clamp; a conveyor for driving the bale
along the table surface past the grabber clamp; and an
elongate binding material lifting structure configured for
riding along an upper surface of the bale and cutting into the
bale upper surface to insert below the eclongate binding
material and to lift the elongate binding material away from
the upper surface of the bale for gripping by the grabbing
clamp.

[0009] In yet another aspect of the present invention, there
is provided a method for removing a strand of elongate
binding material from a bale, the method comprising: driv-
ing a conveyor to move the bale toward an elongate binding
material puller; lifting the strand of elongate binding mate-
rial away from an upper surface of the bale; gripping the
strand of elongate binding material by inserting a grabbing
clamp between the strand of elongate binding material and
the upper surface of the bale; cutting the strand of elongate
binding material; and operating the grabbing clamp to pull
the strand of elongate binding material away from the bale



US 2021/0024238 Al

and to deposit the strand of elongate binding material in a
disposal area away from the bale.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In order for the advantages of the invention to be
readily understood, a more particular description of the
invention briefly described above will be rendered by ref-
erence to specific embodiments that are illustrated in the
appended drawing(s). It is noted that the drawings of the
invention are not to scale. The drawings are mere schematics
representations, not intended to portray specific parameters
of the invention. Understanding that these drawing(s) depict
only typical embodiments of the invention and are not,
therefore, to be considered to be limiting its scope, the
invention will be described and explained with additional
specificity and detail through the use of the accompanying
drawing(s), in which:

[0011] FIG. 1a is a schematic side view of an elongate
binding material puller.

[0012] FIG. 15 is a side view of the elongate binding
material puller of FIG. 1a operating to pull an elongate
binding material from a bale.

[0013] FIG. 1c is an end view of the elongate binding
material puller of FIG. 1a.

[0014] FIG. 2 is schematic illustration of clamping con-
cepts.
[0015] FIG. 2a is a front isometric view of a grabber

clamp in a closed configuration.

[0016] FIG. 25 is a side elevation of the grabber clamp of
FIG. 2a.

[0017] FIG. 2¢ is a side elevation of another grabber
clamp.

[0018] FIG. 2d is a section along line I-I of FIG. 2c¢.
[0019] FIG. 2e is the grabber clamp of FIG. 2¢ partially
opened.

[0020] FIG. 2fis a section along line II-1I of FIG. 2e.
[0021] FIG. 2g is the grabber clamp of FIG. 2¢ showing a

bundle of elongate binding material grasped by the grabber
clamp.

[0022] FIG. 2/ is an exploded perspective view of a
grabber clamp.
[0023] FIG. 3ais a schematic side elevation of an elongate

binding material lifting structure and a bale in a first stage of
operation.

[0024] FIG. 35 is a schematic side elevation of the elon-
gate binding material lifting structure and bale of FIG. 3a in
a second stage of operation.

[0025] FIG. 3¢ is a schematic side elevation of the elon-
gate binding material lifting structure and bale of FIG. 3a in
a third stage of operation.

[0026] FIG. 3d is a sectional view along line II-1I of FIG.
3c.
[0027] FIG. 4a is a top perspective view of a frame, a

clamp arm, a clamp and an elongate binding material lifting
structure of an elongate binding material puller according to
one embodiment. A track between the clamp and the clamp
arm is shown in phantom to more clearly illustrate the
elongate binding material lifting structure.

[0028] FIG. 44 is an underside perspective view of the
elongate binding material lifting structure of FIG. 4a.
[0029] FIG. 4c is a side elevation of an elongate binding
material puller according to one embodiment in a first stage
of operation, with a bale approaching the puller.
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[0030] FIG. 44 is a side elevation of the puller of FIG. 4¢
in a next stage of operation, where the plows are riding along
the upper surface of the bale and under the elongate binding
material strands.

[0031] FIG. 4e is a side elevation of the puller in a next
stage of operation, where the strands have been lifted by the
plow and cut by the cutter. The clamp is ready to move down
M1 and grasp the lifted strands.

[0032] FIG. 4fis a side elevation of the puller in a next
stage of operation after FIG. 4e, where the clamp has moved
down between the plows and is ready to clamp onto the
lifted strands.

[0033] FIG. 4gis a top perspective view of the puller in a
next stage of operation after FIG. 4f where the clamp has
clamped onto the bundle of lifted strands stopped against the
plow stop wall. The clamp is ready to be lifted up M2.
[0034] FIG. 4% is a top perspective view of the puller in a
next stage of operation after FIG. 4g where the clamp has
been lifted up while it remains clamped onto the bundle of
strands, which pulls the elongate binding material strands
away from the bale. The clamp is ready to be moved laterally
T1 to a position aligned above a disposal area, which is
laterally beyond a side edge of the puller.

[0035] FIG. 4i is a top perspective view of the puller in a
next stage of operation after FIG. 47 where the clamp has
been moved laterally to deposit the elongate binding mate-
rial in a disposal area alongside the puller. The clamp is
ready to be moved laterally T2 to a position aligned above
the space between the plows, such that it is ready to act on
a new bale.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] A grabber clamp has been invented for handling
elongate binding material or other string materials. The
grabber clamp is capable of gripping one or more elongate
binding material strands securely enough to pull the one or
more strands but without cutting them. The grabber clamp
was developed as part of a project to overcome problems
encountered in de-twining bales. While the grabber clamp
has applications beyond bale handling, an elongate binding
material puller for bale processing is also described herein-
below.

[0037] FIGS. 1a to 1c¢ show schematically an elongate
binding material puller 10 for removing elongate binding
material 12 from a bale 14. As will be appreciated, elongate
binding material 12 is wrapped around a bale to hold the bale
materials together. Each elongate binding material strand
encircles a circumference of the bale. While the elongate
binding material was applied to surround the outer surface,
the tension in the strand may cause the elongate binding
material to become embedded into the outer surface. There
may be one to twenty individual elongate binding material
strands on each bale. The elongate binding material may be
made of various materials such as natural plant material or
plastic string or bands. The elongate binding material strands
may have a tension, depth of embedment and location,
which vary from strand to strand and bale to bale. The
elongate binding material puller is capable of removing
automatically and mechanically these elongate binding
material strands from a bale.

[0038] Elongate binding material puller 10 includes a table
18 on which the bale 14 is supported and a grabber clamp 20
mounted above the table and moveable toward and away
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from the table, and thereby any bale mounted on the table,
to grasp the elongate binding material on the bale and pull
the elongate binding material from around the bale.

[0039] Grabber clamp 20 was developed for handling,
such as grabbing and pulling, elongate binding material. The
grabber clamp operates for the elongate binding material
puller in a position to grab elongate binding materials on the
bale and pull them off the bale. In particular, the grabber
clamp is mounted on or above the table and is moveable
toward and away from the table. As such, the grabber clamp
can be moved toward and away from a bale on the table. In
one embodiment, the elongate binding material puller
includes a grabber clamp mounting structure. The mounting
structure may include an arm 22 and the grabber clamp is
mounted on an outboard end 22a of the arm. Another portion
of'the arm is secured on the elongate binding material puller.
In one embodiment, there is a driver such as a hydraulic
cylinder 24 that drives the arm about a mount, such as a
hinge 26, to drive the grabber clamp toward and away from
the table. While the mounting structure may mount the
grabber clamp under, alongside or above the table, in one
embodiment, arm 22 is mounted to a frame 28 above the
table and the arm and the hydraulic cylinder are configured
to move grabber clamp 20 up and down, for example, from
a position above the table to reach down toward the table,
grasp an elongate binding material from a bale and pull the
elongate binding material up. In one embodiment, the arm is
configured to be moved down toward the table when the arm
is positioned centrally above a middle portion of the table.
[0040] In that or another embodiment, the mounting struc-
ture may include a laterally moveable mechanism 30. The
laterally moveable mechanism is configured to move the
grabber clamp side to side above the table. Such an embodi-
ment may be particularly useful where the mounting struc-
ture mounts the grabber clamp above the table and it is
desired to move the grabber clamp laterally to release the
removed elongate binding material from the clamp at a side
of the table. For example, the grabber clamp may grasp an
elongate binding material from a bale, and then may be
moved beyond a side edge of the table where the elongate
binding material may be released to drop into an elongate
binding material discard area. Laterally moveable mecha-
nism may include a slider 32 to which the grabber clamp is
coupled and a track 34 along which the slider rides. The
laterally moveable mechanism may be coupled between arm
22 and grabber clamp 20. In particular, the grabber clamp 20
may be mounted on the slider, the slider may be mounted on
the track and the track may be mounted on outboard end 22a
of the arm. In such an embodiment, the grabber clamp can
be moved up and down, M, and side to side T.

[0041] Clamp 20 is configured to grip one or more elon-
gate binding material strands securely enough to pull the one
or more strands such as out from under the weight of a bale
all while avoiding a strand breakage at the clamp. Breakage
may leave a portion of the strand on the bale and is to be
avoided.

[0042] The grabber clamp may be capable of gripping one
or more elongate binding material strands securely enough
to pull it from the bale without cutting the strands. The
grabber clamp may be configured to clamp on an elongate
binding material without cutting or melting, clamp on an
elongate binding material in a weaved manner such that the
elongate binding material assumes a tortuous or pleated
configuration as it is gripped, grip the elongate binding
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material at more than one spaced apart point along its length
and urge a gripped elongate binding material into a central
area along the clamp. FIG. 2 shows these various gripping
configurations one or more of which may be employed in the
clamp. The gripping configurations may include:

[0043] (i) blunt clamping, which pinches a material
placed between them. Blunt clamping generates
mechanical powered friction as two blunt, flat surfaces
are forced, arrows F, together on a strand under tension.
A blunt clamping configuration clamps on an elongate
binding material without cutting or melting. This works
well for a single strand but may be less effective
securing a bundle of elongate strands;

[0044] (i) multiple, wherein spaced apart blunt clamps
grip the elongate binding material at more than one
spaced apart point along its length. This improves
clamping on bundles of strands;

[0045] (iii) wedging is a form of blunt clamping but the
clamping forces, arrows F', develop a sliding effect and,
thereby, more friction on the strand;

[0046] (iv) interleaving, where a middle clamping sur-
face moves into a slot between other clamping surfaces
such that the clamping surfaces overlap or interleave.
Interleaving weaves a clamped elongate binding mate-
rial between the clamping surfaces. The clamped bind-
ing material is forced into a tortuous or pleated con-
figuration as it is gripped. Forces F" between the
clamping surfaces generate a dragging friction; and

[0047] (v) constriction, where concave gripping faces
urge a gripped elongate binding material into a central
deeper areas 42 along the clamp’s gripping faces.
Constriction can include interleaving forces where the
clamp surfaces overlap.

These configurations (i) to (v) can be each be applied in
multiples or in various combinations.

[0048] With reference also to FIGS. 2a to 2d, grabber
clamp 20 includes a pair of jaws 30 including a first jaw 30a
and a second jaw 304 that are moveable toward and away
from each other to a closed position and an open position.
Jaws 30a, 3056 each include a terminal end 30a', 305'.
Between their ends, jaws 30a, 305 each include opposing
gripping faces 34a, 34b. Jaws 30 may be operated to move
gripping faces 34a, 345 towards each other (i.e. to close) or
away from each other (i.e. to open) by a driver 36 such as
employing a parallel drive (for example a screw drive) or a
hinged drive. The illustrated driver is a hinged drive using
hydraulics such as a hydraulic cylinder connected at pivot
points 36' that drives rotation, arrow r, of at least one jaw 30a
about a fulcrum 32 that defines a hinged end of the jaws. In
one embodiment, the jaw 30q that is driven to rotate to open
and close the jaws is positioned on the underside of jaw 305
such that jaw 30a moves down to open (shown in solid lines
in FIG. 2b) and moves up to close (shown in FIG. 24 and in
broken lines in FIG. 2b).

[0049] The grabber clamp includes jaws 30a and 305, and
a driver 36 to allow the jaws to open and close. Each jaw has
a gripping face 34a, 34b. The gripping faces are configured
to come together when the clamp is closed to define two
blunt clamping points separated by a non-clamping area. As
illustrated in FIG. 2g, the two clamping points may form
non-parallel planes.

[0050] Specifically, opposing gripping faces 34a, 345 are
particularly configured to firmly grip one elongate binding
material or more than one strand of elongate binding mate-
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rial but without risk of cutting or melting the elongate
binding material as it is gripped. Opposing gripping faces
34a, 345 come together, for example, at a plurality of blunt
clamping points 38a, 385, 38¢, 38d. Providing a plurality of
clamping sites between the jaws at which the elongate
binding material is gripped improves the holding force. This
is especially true where a bundle of elongate binding mate-
rial is being gripped and the bundle being gripped at a
plurality of points along its length improves the gripping
force of the overall bundle. Each blunt clamping point
includes a blunt surface on one jaw aligned to clamp against
a blunt surface on the other jaw’s gripping face. When the
jaws close, the aligned blunt clamping surfaces on the jaws
butt tightly together. For example, grabber clamp 20
includes at least two and in one embodiment four blunt
clamping points spaced apart from side to side of the clamp
and comprised by eight surfaces (four on each jaw). Four
surfaces are shown as 38a' and 384" forming one aligned
pair and 384" and 385" forming a second aligned pair in FIG.
2b. Each blunt clamping surface includes a blunt surface,
which is laterally and axially flat, and that may be elongate
extending along a portion of the jaw following a direction
from hinged end to terminal end 30a', 304'. The edges of the
blunt clamping surfaces may be spaced apart and/or radiused
such as by chamfering or rounding in order to eliminate
sharp corners that may cut the elongate binding material.
However, even if the edges are radiused or rounded, blunt
butting surfaces should be maintained between the edges.

[0051] In one embodiment, some pairs of blunt clamping
surfaces may be offset from other pairs to butt together in a
plurality of planes. This means that an elongate binding
material being clamped does not pass straight through from
side to side of the clamp, but instead the elongate binding
material is clamped in a woven manner such that the
elongate binding material assumes a non-linear, tortuous
configuration as it is gripped between the jaws. In such an
embodiment, there is at least one blunt clamping point 38«
on one plane and at least one blunt clamping point 385 on
another plane. Any elongate binding material clamped at
points 384, 38b is bent and redirected as it is clamped such
as may be achieved by moving the blunt clamping points in
FIG. 2(ii) from being coplanar or as shown as wedging in
FIG. 2(iii). In particular, the elongate binding material
bundle 12' clamped at point 38« has to be bent and redirected
to also be clamped at point 386 as shown in FIG. 2g.

[0052] Where the blunt clamping surfaces are configured
in offset planes, there may be alternating high and low
surfaces that alternate between two or more planes such that
any elongate binding material passing through, from side to
side, of clamp 20 may be forced into a pleated configuration.
There may be two blunt clamping points in similar planes
and an interleaved blunt clamping point between them at a
different plane. In the illustrated embodiment, the two outer
side clamping surfaces 384, 384 are configured to form two
spaced apart blunt clamping points in a first, substantially
common plane P1 while the middle clamping surfaces 385,
38c¢ are configured to each form a blunt clamping point in a
second plane P2. FIG. 2d shows a section orthogonal to
plane P1, which is defined at the centre of 384" and 384". The
elongate dimension of the blunt clamping surface planes P1,
P2 are not only spaced apart but also non-parallel.

[0053] Effectively there is a groove between the two outer
side clamping surfaces 38a, 384 that extends along a direc-
tion from back, hinge end to front, terminal end 304', 305" of
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the jaws and the middle clamping surfaces 386, 38¢ are
positioned in the groove. This multi-planar clamping causes
a gripped elongate binding material to be woven between the
clamp’s opposing gripping faces and thereby held firmly.

[0054] In such an embodiment, wedging may be achieved
by positioning surface 38a closely alongside surface 385.
Alternately, if there is a concern regarding cutting action,
adjacent interleaved surfaces may have lateral open spaces
between them such that a shearing action is avoided as the
surfaces mesh together. For example, there may be an open
gap 40 alongside clamping surface 38a that spaces it later-
ally from clamping surface 385b. In the illustrated embodi-
ment, a spacer 40' ensures that gap 40 is maintained.

[0055] In addition or alternately, the clamp jaws may have
a generally arcuate configuration along their length such that
elongate binding material being gripping may be urged back
toward fulcrum 32 or possibly into a central position along
the faces 34a, 34b. For example, terminal ends 30a', 304'
may be angled to protrude towards each other and config-
ured to overlap when closed. In the illustrated embodiment,
for example, the terminal end of upper jaw 3054 is shaped to
project toward the lower jaw and upper jaw 305 overlaps
with the terminal end of the lower jaw in the closed position
and, in particular, the overlap is achieved by the interleaving
of the upper jaw within the outer sides of lower jaw 30q at
its terminal end. In one embodiment, faces 34a, 346 may
have a generally concave configuration with the arc extend-
ing from the clamp’s hinged end to its terminal end with a
deepest area 42 aligned at a middle portion of each jaw. This
arcuate form not only pushes elongate binding material back
away from the terminal ends 304', 305" but toward the center
(i.e. the center between the front and back of the jaws). If
there are a number of strands of elongate binding material to
be clamped, this arcuate form tends to urge the elongate
binding material into a bundle. While in some embodiments,
the entirety of the opposing clamping faces may overlap (as
was described above with respect to planes P1, P2), the
arcuate form may be configured such that the during closing
the deepest areas 42 move into an overlapping configuration
last, after the front and rear of the jaws have overlapped.

[0056] In the illustrated embodiment, deepest arca 42
failed to interleave sufficiently such that an elongate binding
material strand may pass straight through without being
bent. Thus, a side plate 43 may be added, as shown in FIG.
2¢-2f that extends beyond blunt clamping surfaces 38a and
384 to generate interleaving forces. With reference to FIG.
24, side plate 43 is beside clamping points 38a and 384. In
the illustrated embodiment, side plate 43 does not include a
clamping surface. In use, side plate 43 exerts interleaving
force on the elongate binding material that is gripped
between points 38a¢ and 38b. With reference to FIG. 24, in
use, elongate material may be loose, or un-clampable, at
blind spot 39. As illustrated in FIG. 2/, with the addition of
plate 43, any material that is loose at blind spot 39 is secured
by interleaving force. In addition or alternately, terminal
ends 30a', 305" may be formed as fingers without a sur-
rounding housing. The fingers are clongate extensions
beyond the main housing of the clamp to facilitate the
overlap and meshing action. Additionally or alternately,
terminal ends 30q', 305" may include tapered tips. The taper
may define a narrower leading edge at the opposing gripping
faces 34a, 34b. Terminal end 30a' may include a tapered tip
that tapers toward plane P1. Likewise, terminal end 304'
may include another tapered tip that tapers toward plane P2.



US 2021/0024238 Al

[0057] In summary, the illustrated embodiment of FIGS.
2a and 26 includes various clamp configurations, such as
those illustrated in FIGS. 2(7)-(v). For example, in FIG. 2(}),
the clamp may be configured such that two blunt members
form one blunt clamping point, such as between surfaces
384 and 384" in FIGS. 24 and 2f. In FIG. 2(ii), two blunt
members form a first blunt clamping point, and two more
blunt members form a second blunt clamping point, such as
the pair of blunt clamping points between surfaces 384" and
384", and between surfaces 385" and 384" in FIG. 2d. The
first and second blunt clamping points clamp material along
a common plane and have a non-clamping area between the
two points. In FIG. 2(iii), three members form two clamping
points. The first, second, and third members are arranged
side-by-side, with the second member in the middle. The
first and third members extend in a first direction, and the
second member extends in the opposite direction. The
corners of the members may be cut or flattened such that the
corners are blunt, thereby making the clamping points blunt.
The clamping configuration of FIG. 2(iv) is similar to that of
FIG. 2(iii), but with sharp clamping corners and with space
between each of the three members such that rather than
creating blunt clamping points, clamping is achieved by
interleaving force. In FIG. 2g, the elongate binding material
12' clamped at point 384 is redirected to be clamped at point
384, this redirection causes the interleaving force. In FIG.
2(v), overlapping, opposing, v-shaped pieces 42 may close
to secure material 12' within the narrow ends of the
v-shapes. In some embodiments, it may be useful to further
automate the bale handling. In such an embodiment, the
table may be fit with a bale conveyor 48. The bale conveyor
may be driven to move, arrow D, a bale along the table to
the grabber clamp 20. The bale conveyor 48 may be a
conveyor belt, push plate etc. to configure the table as a feed
table.

[0058] Clamp 20 can be coupled to the mounting structure
in any number of ways. In the illustrated embodiment, clamp
20 includes a mounting plate 44 through which clamp 20 is
coupled to slider 32.

[0059] Grabber clamp 20 can pull an elongate binding
material 12 from a bale 14 after the elongate binding
material has been cut. Elongate binding material puller
therefore can include an elongate binding material cutter 46.
The elongate binding material cutter may be positioned at
various locations including on table 18 as shown, at a side
of the table or on the clamp. Once cut, the elongate binding
material can be pulled by clamp 20 off the bale.

[0060] With reference to FIGS. 3a to 3d and 4a to 4i,
another elongate binding material puller 110 is illustrated
with further features.

[0061] Elongate binding material puller 110 is, as
described above, for removing elongate binding material 12
from a bale 14. The elongate binding material puller
includes a table 118 on which the bale 14 is supported and
a grabber clamp 120 for grapping and pulling elongate
binding material 12 from the bale. The grabber clamp is
mounted above the table on a frame 128. Frame 128 includes
base mounts 1284 through which connection is made to side
edges 1184 of the table or onto the floor adjacent the table.
Grabber clamp 120 is coupled to frame 128 by a mounting
structure including an arm 122 and a track 134 that are
configured to permit movement of the clamp both up and
down and laterally, respectively. The elongate binding mate-
rial puller further includes an elongate binding material
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cutter 146 and a bale conveyor 148 that moves the bales
along the table in direction D. These components are accord-
ing to the description and options noted above.

[0062] This embodiment further includes an elongate
binding material lifter. Due to the tension in the elongate
binding material and the embedment of the elongate binding
material into the bale surface 14a that sometimes occurs, it
is sometimes difficult for the grabber clamp 120 to grasp the
elongate binding material. Thus, as illustrated, the elongate
binding material puller may include an elongate binding
material lifting structure 150 that locates and lifts the
elongate binding material such that the clamp can reliably
grasp the elongate binding material. In one embodiment, the
elongate binding material lifting structure 150 includes a
plow 152 with a ramped body 152a that includes a tapered,
sharpened leading end 1525 capable of digging/cutting into
the surface of the bale. The plow is configured and mounted
on the elongate binding material puller to ride along the
surface of the bale (FIG. 3a) and pass (FIG. 3b) under
elongate binding material strands on the bale such that the
elongate binding material strands ride up the ramped body.
The ramped body 152a may include a flat underside 152¢
that follows the bale surface and ensures the tapered leading
end rides closely along or just below the bale surface to
insert below the elongate binding material. As the plow
moves under the elongate binding material, the elongate
binding material rides up the ramped body (FIGS. 3¢ and
3d). In so doing, a space 153 is formed between elongate
binding material 12 and bale 14 that permits the clamp 120
to grab the elongate binding material with one jaw under and
one jaw over.

[0063] Inone embodiment (FIG. 3d), the elongate binding
material puller may include two such plows 152 positioned
alongside each other but spaced apart. Plows 152 may
function similarly such that the elongate binding material is
held spaced from the bale at two ramped bodies 152a and
space 153 formed between the plows is maintained sufficient
to facilitate grasping by the clamp. In such an embodiment,
clamp 120 may be installed on frame 128 to be moveable
into the space between the plows. For example, arm 122 may
be positionable by operation of driver 124, track 134 and
slide 132 into a position between the plows 152 to grasp the
elongate binding material that is lifted up.

[0064] Elongate binding material lifting structure 150 can
be inserted under a plurality of strands of elongate binding
material and hold all of them on the one or more ramped
bodies 152a to be grasped all at once by clamp 120. For
example, when elongate binding material puller 110
includes conveyor 148, the bale can be pushed against
elongate binding material lifting structure 150 to lift and
bundle a number of elongate binding material strands before
they are grasped by clamp 120. One or both plows 152 may
include elongate binding material stops 154 that stop the
elongate binding material from riding further up the ramped
bodies 1524 and cause the elongate binding materials to
accumulate and bundle for grasping. Stops 154 may be an
attachment (FIG. 4b) or a step (FIG. 4g) on ramped body
152a.

[0065] Since the operation of plow 152 may rely on there
being some tension in the elongate binding material, in such
an embodiment, elongate binding material cutter 146 may be
configured to only cut the elongate binding material when
the elongate binding material has ridden at least partially up
the ramped body 152a. In an elongate binding material
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puller with a conveyor 148, elongate binding material cutter
146 can be positioned along the axis of the conveyor’s
direction of travel a distance S axially after the leading end
15256 of the plow. In such an embodiment, a bale being
moved along the conveyor will first have its elongate
binding material acted upon by the plow before cutter 146
acts to cut the lifted elongate binding material. The elongate
binding material cutter knife is positioned such that the
elongate binding materials will have migrated at least part
way up the inclined ramped body before they are cut. In one
embodiment, cutter 146 is positioned on table 118 in the
conveyor 148 at substantially the same axial location as the
stop 154.

[0066] It is noted that bales come in various shapes and
sizes. Even with square or rectangular bales, they can vary
between about 3 to 4 feet in height. In one embodiment,
therefore, it is useful to mount elongate binding material
lifting plow 152 on a locating device that senses the height
of the bale and positions the plow accordingly to ensure it
rides along the surface 14a of the bale and is aligned to
locate and lift the elongate binding material strands. Locat-
ing device may include a mechanical structure, a proximity
sensor, electronics, etc. However, a rugged and reliable
device includes lifting structure plow 152 coupled to a gate
156 that hangs above conveyor 148. Gate 156 is hingeably
connected at hinge 157 to frame 128 and hangs down above
conveyor 148 with a space between the gate and the con-
veyor that is less than the smallest possible height of a bale,
such that any bale passing thereunder must push against the
gate. Gate 156 carries plow 152 at its outboard end. Plow
152 projects from the lower side of gate 156 with leading
end 1524 projecting out from and below the gate and the
ramped portion 152a extending axially aligned with the long
axis of conveyor and pointing in a direction opposite direc-
tion D back toward hinge 157.

[0067] Gate 156 may include a kicker 158 on its lower side
to find and ride over a top surface 14a of a bale passing
under the gate. Kicker 158 and gate 156 are configured to
locate the top of a bale and position plow 152, which is
carried on gate, at the correct height to insert under elongate
binding material strands on the bale but not dig too deep into
the bale. Kicker components such as a ski 158a and/or an
elbow 1585 are each rounded and broad, and are bent at the
elbow, such that elbow 1585 points down, or in a direction
opposite direction D, when the gate hangs down, projected
from the gate and are positioned relative to plow 152 to
ensure that plow leading end is positioned and maintained to
ride along or just below the bale surface, rather than digging
too deep or progressively deeper into the bale material. Skis
158a are oriented ahead of, aligned with or slightly offset
from, leading end 1526 of the plow. Elbow 15856 is fixed at
a distance D1 above the base 152¢ of the plow and protrudes
laterally beyond at least one side edge of the plow to prevent
the plow from penetrating more than the distance D1 into the
bale. Plow 152 may be removable such that it can be
repositioned or replaced.

[0068] Gate 156 may further include chains 155 or the
like. Such chains may be affixed to the sides of the gate and
hang below it such that, in use, the chains bear down on the
upper surface or sides of bales to hold the elongate binding
material in place during processing. In particular, when cut,
sometimes the binding material may flip up and be loose on
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top of the bale. Chains ride over the bale and hold the
binding material down such that it can be acted upon by
plow 152 and clamp 120.

[0069] Gate 156 may be supported on a strut 160 to damp
its movement and prevent it from dropping down onto its
mechanical stops or the conveyor. Strut 160 may be con-
figured to hold gate at an angle relative to conveyor 148.
Strut 160 here is a shock dampening cylinder. Strut 160 may
be configured to pull down on the gate to make contact with
the bale during processing. In other words, strut 160 may be
configured to lift and lower the gate, or absorb shocks in
either direction.

[0070] The gate and plow plates, therefore, act as a
structure which rides along the top of the bale, as the bale is
moved under/past it. The plow leading ends are effectively
blades that penetrate the bale surface and allow embedded
elongate binding materials to be lifted along ramped body
152a away from the bale surface. The gate and plow plates
are rigid structures but are hingeably connected to stationary
frame member 128, which allows the gate and plows to ride
along the top of a bale as the bale is pushed by conveyor 148
through the elongate binding material puller. The weight of
the gate forcibly buries the plow plates in the bale, reaching
into the top surface 14a of the bale below any elongate
binding materials, even ones that are embedded. The action
of moving the bale through the elongate binding material
puller, past the lifting structure, will force the elongate
binding materials before they are cut to migrate up the
inclined ramped body 152a, which raises them up free of the
top surface of the bale to make them easier to accumulate.
Also, the spacing between the bale and bundle 12' minimizes
the amount of bale material also picked up with the elongate
binding material, which is beneficial for recycling the bind-
ing material.

[0071] Once the lifting structure lifts the elongate binding
material, clamp 120 can be driven down M1 to grab the
elongate binding material from on top of the plows 152a.
Because of the space 153, the clamp jaws 130a, 1305 can
selectively clamp on the lifted elongate binding material
without also grabbing bale material.

[0072] The clamp 120 is coupled onto track 134. Track
134 is illustrated as a hydraulically actuated, chain drive
linear track mechanism used to transport the clamp from an
elongate binding material pick up location (FIG. 4g), which
is a position centrally above table 118, and specifically
centrally between plows 152, to an elongate binding mate-
rial deposit location (FIG. 47) where the clamp is positioned
laterally beyond a side edge 118a of the table. In this
position, the elongate binding material can be released from
the clamp. The track 134 is connected to arm 122 that is
hingeably connected by hinge connection 126 to stationary
frame 128 above table 118. Arm 122 is powered by one or
more hydraulic cylinder 124 to lift and lower the track, and
thereby clamp 120, toward and away from plow 152. Hinge
connection 126 is common to the hinge pivot axis of gate
156 and both arm 122 and gate 156 are supported on a
common frame 128. The common axis of the hinges allows
the clamp to be lowered to a consistent and repeatable
position relative to the plow carried on the gate, which is
where the elongate binding materials are accumulated as the
bale is moved along the conveyor.

[0073] Overall, once the clamp has been hydraulically
powered to clamp onto the accumulated elongate binding
material bundle 12' on the plow (FIG. 4g), arm 122 is driven
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by cylinder 124 to be raised up M2 from the plow and then
track 134 is powered to move slider 132 and clamp 120
laterally to the elongate binding material deposit position.
Once the clamp is above the elongate binding material
deposit position, the clamp is actuated to open and release its
grip on the elongate binding material, such that the elongate
binding material can be dropped into a deposit location
offset from table 118.

[0074] The puller can be operated manually or automati-
cally. The movement of the clamp, including operation of
the jaws driver 136 to open and close the clamp, arm 122 and
track 134 may be controlled automatically via a control
system. The control system may include a central controller
such as a PLC and a sensor array, such as to generate
proximity sensor inputs for component positions. Sensor
array may include for example, sensors 170a, 1705, 170c on
arm 122. Sensors 170a, 1705, for example, are positioned
and configured to locate a flag 172 on gate 156. When
sensors 170a, 1705 indicate that they are straddling flag 172,
the control system determines that clamp 120 is down
properly in an elongate binding material pick up position
between plows (FIG. 4g) and slide 132 cannot be moved
laterally T1. When the sensor 170c¢ senses that arm 122 is
raised up, the control system determines that clamp is raised
away from gate 156 and can be driven laterally T1/T2.
Sensors could be replaced by mechanical stops. Hydraulic
controllers could also be employed. A grunt timer may be
employed for example which configures the hydraulic sys-
tem for driver 136 to apply consistent cylinder force and
leave the hydraulic force on the cylinder until it is opened.
This permits the clamp grip to be readily tightened to
counteract binding material slippage. In one embodiment,
peak pressure could be limited to grab variable bundles with
equal pressure.

[0075] In one embodiment, the system, after clamping
binding material and when lifting arm, may operate to
repeatably cycle arm 122 between movements up M2 and
down M1, such that a jerking action is applied to strands.
This jerking action facilitates removal of embedded strands.

[0076] Although embodiment options are described sepa-
rately in the various figures, the embodiments can be
employed alone or in various combinations.

[0077] The previous description of the disclosed embodi-
ments is provided to enable any person skilled in the art to
make or use the present invention. Various modifications to
those embodiments will be readily apparent to those skilled
in the art, and the generic principles defined herein may be
applied to other embodiments without departing from the
spirit or scope of the invention. Thus, the present invention
is not intended to be limited to the embodiments shown
herein, but is to be accorded the full scope consistent with
the claims, wherein reference to an element in the singular,
such as by use of the article “a” or “an” is not intended to
mean “one and only one” unless specifically so stated, but
rather “one or more”. All structural and functional equiva-
lents to the elements of the various embodiments described
throughout the disclosure that are known or later come to be
known to those of ordinary skill in the art are intended to be
encompassed by the elements of the claims. Moreover,
nothing disclosed herein is intended to be dedicated to the
public regardless of whether such disclosure is explicitly
recited in the claims.
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We claim:

1. A grabber clamp comprising:

a first jaw with a forward end and a rear end;

a second jaw with a forward end, the second jaw config-
ured to (i) move toward the first jaw to close the first
and second jaws and (ii) move away from the first jaw,
to open the first and second jaws; and

a driver for driving movement of the first jaw and the
second jaw to open and close;

wherein the first jaw includes a first gripping face and the
second jaw includes a second gripping face, the first
and second gripping faces being configured to come
together when closed to define a first blunt clamping
point and a second blunt clamping point spaced from
the first blunt clamping point and a non-clamping area
between the first and second blunt clamping points.

2. The grabber clamp of claim 1 wherein the first blunt
clamping point includes a first surface exposed on the first
gripping face, the first surface being flat from side to side
and elongate in a direction extending between the forward
end and the rear end and a second flat, elongate surface on
the second gripping face aligned with the first surface and
configured to butt against the first surface when the first jaw
and second jaw are closed.

3. The grabber clamp of claim 2 wherein the first surface
defines a first plane and the second blunt clamping point
defines a second plane spaced from the first plane.

4. The grabber clamp of claim 3 wherein the first plane is
non-parallel to the second plane.

5. The grabber clamp of claim 1 further comprising (i) an
elongate groove on the first gripping face between the first
blunt clamping point and the second blunt clamping point
and (ii) an elongate projection on the second gripping face
between the first blunt clamping point and the second blunt
clamping point, and wherein a base of the elongate groove
and a top surface of the elongate projection define a third
blunt clamping point between the first jaw and the second
jaw.

6. The grabber clamp of claim 5 further comprising an
open gap between the first blunt clamping point and the third
blunt clamping point.

7. The grabber clamp of claim 1 wherein the first gripping
face has a concave curvature in the direction extending
between the forward end and the rear end and the second
gripping face meshes into and overlaps with at least front
and rear portions of the first gripping face.

8. The grabber clamp of claim 7 wherein the concave
curvature creates a deeper region between the terminal end
and the rear end of the first jaw configured to urge elongate
binding material into the deeper area.

9. The grabber clamp of claim 1 wherein the forward end
of the first jaw projects toward the second jaw and the
forward end of the second jaw projects toward the first jaw
and the first and second jaws overlap at the forward ends
when closed.

10. The grabber clamp of claim 1 further comprising a
third blunt clamping point and a fourth blunt clamping point
and wherein (a) the first blunt clamping point includes a first
surface exposed on the first gripping face, which is flat from
side to side and elongate in a direction extending between
the forward end and the rear end and a flat, elongate surface
on the second gripping face aligned with the first surface and
configured to butt against the first surface when the first jaw
and second jaw are closed and to define a first plane; (b) the
second blunt clamping point includes a second surface
exposed on the first gripping face, which is flat from side to
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side and elongate in the direction extending between the
forward end and the rear end and a second flat, elongate
surface on the second gripping face aligned with the second
surface and configured to butt against the second surface
when the first jaw and second jaw are closed and to define
a second plane, the second plane being spaced from but
parallel to the first plane; and (c) the third blunt clamping
point and the fourth blunt clamping point each include
aligned planar elongate surfaces on each of the first gripping
face and the second gripping face, the aligned planar elon-
gate surfaces defining planes that are parallel to each other
but non-parallel to the first plane and the second plane.

11. The grabber clamp of claim 10 wherein the first and
second blunt clamping points are at outer side edges of the
first gripping face and the third and fourth blunt clamping
points are positioned inbetween the first and second blunt
clamping points.

12. The grabber clamp of claim 10 wherein the first and
second blunt clamping points extend at a first angle in the
direction from the terminal end to the rear end and the third
and fourth blunt clamping points extend at a steeper angle
than the first angle.

13. The grabber clamp of claim 10 wherein the first
surface exposed on the first gripping face extends at a first
angle; a third surface on the first gripping face defines one
half of the third blunt clamping point and the third surface
extends alongside the first surface and is oriented at an angle
different from the first angle such that in side view the third
surface slopes behind the first surface and the overall side
curvature of the first gripping face is concave.

14. The grabber clamp of claim 10 further comprising a
first open gap between the first blunt clamping point and the
third blunt clamping point and a second open gap between
the third blunt clamping point and the fourth blunt clamping
point.

15. A method for gripping a strand of elongate binding
material, the method comprising:

operating a grabber clamp comprising:
a. a first jaw;
b. a second jaw moveable toward and away from the

first jaw, the first and second jaws each including a
forward end and a rear end; and

c. a driver for driving movement of at least one of the
first jaw and the second jaw to open and close the
clamp;

d. wherein the first jaw includes a first gripping face
and the second jaw includes a second gripping face,
the first and second gripping faces being configured
to come together when the clamp is closed to define
a first blunt clamping point and a second blunt
clamping point spaced from the first blunt clamping
point and a non-clamping area between the first and
second blunt clamping points; and

gripping the strand of elongate binding material at the first
and the second blunt clamping points such that a
portion of the strand of elongate binding material
between the first and second blunt clamping points is
free from a clamping pressure.

16. The method of claim 15 wherein the first blunt
clamping point defines a first clamping plane and the second
blunt clamping point defines a second clamping plane offset
from the first clamping plane such that the method further
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comprises forcing the strand of elongate binding material to
bend between the first blunt clamping point and the second
blunt clamping point.

17. The method of claim 16 wherein the first clamping
plane is non-parallel to the second clamping plane such that
the method further comprises forcing the strand of elongate
binding material to twist between the first blunt clamping
point and the second blunt clamping point.

18. The method of claim 15 wherein the first gripping face
is concave front to back and the method further comprises
urging the strand of elongate binding material into a deeper
region at a center of concave curvature of the first gripping
face.

19. An elongate binding material puller for removing
elongate binding material from a bale, the elongate binding
material puller comprising:

a table surface;

a grabber clamp mounted above the table surface and the

grabber clamp including:

a. a first jaw;

b. a second jaw moveable relative to the first jaw, the
first and second jaws each including a forward end
opposite a rear end; and

c. a jaws driver for driving movement of at least one of
the first jaw and the second jaw to open and close the
clamp;

a conveyor for driving the bale along the table surface past

the grabber clamp; and

an elongate binding material lifting structure configured

for riding along an upper surface of the bale and cutting
into the bale upper surface to insert below the elongate
binding material and to lift the elongate binding mate-
rial away from the upper surface of the bale for
gripping by the grabbing clamp.

20. The elongate binding material puller of claim 19
further comprising a clamp driver for moving the grabber
clamp up and down and side to side relative to the table
surface.

21. A method for removing a strand of elongate binding
material from a bale, the method comprising:

driving a conveyor to move the bale toward an elongate

binding material puller;

lifting the strand of elongate binding material away from

an upper surface of the bale;

gripping the strand of elongate binding material by insert-

ing a grabbing clamp between the strand of elongate

binding material and the upper surface of the bale;
cutting the strand of elongate binding material; and
operating the grabbing clamp to pull the strand of elon-
gate binding material away from the bale and to deposit
the strand of elongate binding material in a disposal
area away from the bale.

22. The method of claim 21 wherein lifting the strand of
elongate binding material includes moving the bale past a
plow configured to cut into the upper surface of the bale,
insert the plow leading end below the strand of elongate
binding material and moving the plow beneath the strand of
elongate binding material while limiting the depth of pen-
etration of the plow such that the strand of elongate binding
material migrates up the plow surface and away from the
upper surface of the bale.

23. The method of claim 22 wherein lifting the strand of
elongate binding material further includes locating the plow
to cut into the upper surface of the bale.
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24. The method of claim 22 wherein cutting the strand of
elongate binding material occurs after the strand of elongate
binding material migrates up the plow surface.

25. The method of claim 21 wherein lifting includes
accumulating a plurality of additional lifted strands of
elongate binding material with the strand of elongate bind-
ing material and gripping grips the strand of clongate
binding material and the plurality of additional lifted strands
of elongate binding material as a bundle.

26. The method of claim 25 wherein lifting urges the
strand of elongate binding material and the plurality of
additional lifted strands of elongate binding material away
from a front terminal end of the grabbing clamp.
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